Summary. Normal 
Introduction
Crystallized bovine serum albumin (BSA) is commonly used as the only macromolecular component in media used for the culture of mouse and rabbit early embryos in vitro. Embryo culture media containing BSA have been called 'defined' media (Whitten & Biggers, 1968 ; Kane & Foote, 1970a ) but this statement is clearly incorrect because: (1) a major function of albumin in the blood is to carry smaller molecules especially lipid-soluble substances such as fatty acids and steroid hormones (Fredrickson & Gordon, 1958; Westphal, 1970) ; (2) Chen (1966) reported that commercial samples of albumin varied in fatty acid content from 0-06 to 2-5 mol fatty acid/mol albumin; (3) Kane (1979) found that fatty acids bound to albumin could function as energy sources in supporting growth of 1-cell rabbit embryos to viable morulae; and (4) we have found that commercial BSA is heavily contaminated with other proteins (D. R. Headon & M. T. Kane, unpublished observations) . These findings indicate that the non-albumin components of commercial BSA preparations may be important in media used for culture of early rabbit embryos. The present study investigated the role of these non-albumin components of commercial BSA in promoting growth of 1-cell rabbit embryos to blastocysts.
Materials and Methods

Embryos
New Zealand White and Dutch-Belted does were induced to superovulate and fertilized 1-cell embryos were flushed from the oviducts 20-21 h after the hCG injection and insemination (Kane & Buckley, 1977) . The flushing medium was a Hepes buffered simple salt solution containing 0-1% BSA (Kane, 1979) . The embryos were then washed free of oviduct fluid with repeated changes of the flushing medium and were placed in culture in 0-5 ml droplets of culture medium under paraffin liquid in tissue culture dishes. Culture dishes were maintained at 38°C under a gas phase of 5% C02 in air. Embryos were cultured for 5 days and the numbers of early blastocysts (blastocoele just visible), expanding blastocysts (blastocyst beginning to expand and to thin the zona) and hatched blastocysts (zona shed completely) were recorded.
Culture medium
The basic culture medium contained 108 mM-NaCl, 4-78 mM-KCl, 1-71 mM-CaCl2.2H20, 1-19 mM-KH2P04, 1-19 mM-MgS04.7H20, mM-NaHC03, 100 units penicillin G/ml, 50 pg streptomycin sulphate/ml and the amino acids, vitamins and trace elements of Ham's FIO medium (Ham, 1963; Kane & Foote, 1970b) .
Bovine serum albumin
In this paper BSA is used to refer to commercial samples of crystallized bovine serum albumin whereas albumin is used for the pure protein. Two types of BSA were used, normal BSA and defatted BSA (Sigma, London). The defatted BSA was produced by removal of the fatty acids and other protein-bound contaminants by charcoal treatment (Chen, 1966) The protein purity of the unfractionated normal and defatted BSA and their A and fractions was determined by sodium dodecyl sulphate (SDS)-polyacrylamide gel electro¬ phoresis carried out in 6-27% polyacrylamide gel gradients. Samples for electrophoresis were dissolved at a concentration of 3 mg/ml in a medium containing 0-6% (w/v) SDS, 40 mM-2-mercaptoethanol and 10% (w/v) sucrose in a buffer of 88-7 mM-Tris-2-5 mM-disodium EDTA-81-5 mM-boric acid (pH 8-3). SDS and mercaptoethanol were used to ensure that all of the albumin and other proteins were present in monomeric form (Gordon, 1975) . Crystallized albumin is normally a monomer but a small proportion exists in dimeric and higher polymeric forms (Peters, 1975) . Pyronin Y (100 pg/ml) was used as a tracker dye. The samples were heated at 100°C for 5 min. All electrophoretic separations were carried out using the Uniscil Gradipore System. Samples of 40 pg were applied to the gel using sample applicators. The gels were run at 75 V and at pH in the Tris-EDTA-boric acid buffer containing 0-1% (w/v) SDS. The electrophoresis was terminated when the tracker dye reached the bottom of the gel, a period of approximately 3 h. The gels were fixed and stained as described by Fairbanks, Steck & Wallach (1971) . Gels were stained with amido black, and densitometer recordings were made to determine the protein content of the various bands.
Adjustment offatty acid level of BSA. BSA with a concentration of 5 mol palmitic or oleic acid/mol was prepared from commercial defatted BSA as described by Kane (1979) . This was added to defatted BSA to give the requisite concentration of fatty acid. Palmitic and oleic acids were chosen because these are the fatty acids normally bound to albumin in greater amounts (Fredrickson & Gordon, 1958) Values significantly different from that for normal BSA: *P < 0-05, **P < 0-01, ***P < 0-001.
Experiment 2 This experiment (Table 2) shows that neither the defatted BSA nor the palmitic and oleic acids caused a significant decrease of blastocyst formation, expansion or hatching and were therefore not markedly toxic to the ova.
Experiment 3
The unfractionated samples of both normal and defatted BSA and the A fractions (high mol. wt) of both types of BSA used in this experiment were heavily contaminated with other proteins (Table 3 ; Text- fig. 2 ). These were mainly proteins, most probably globulins, with a molecular weight greater than that of albumin. The fractions contained from 99-100% albumin. We have tested samples of commercial BSA from three other suppliers and found similar levels of protein contamination (unpublished observations). This experiment was replicated 3 times and there no significant differences between treatments (P > 0-05).
* 1 mol/mol BSA.
All the defatted albumin samples were unable to support any significant degree of blastocyst growth or blastocyst hatching whereas all the normal albumin samples supported both blastocyst growth and complete hatching (Table 3) . However, although the pure albumin fraction of the normal BSA promoted significantly more blastocyst formation than did the unfractionated BSA or the heavily contaminated fraction A, it gave a lower proportion of hatched blastocysts than either, as shown by expressing the numbers of hatched blastocysts as percentages of the early blastocysts formed (Table 3) . Expressed in this manner the contaminated BSA was significantly (P < 0-001) better at promoting complete blastocyst hatching. As % of 1-cell stages (14)** 0 0*** All BSA levels were 1-5%. The normal BSA treatments were replicated 6 times and the defatted BSA treatments 4 times. Fraction A is the high mol. wt and fraction the low mol. wt fraction (see Text-fig. 1 ).
Values significantly different from original sample of normal BSA; *P < 0-05, **P < 001,***P < 0001.
Experiment 4
Neither chloroform-extracted BSA, nor defatted BSA reconstituted with the chloroform extráctate nor a mixture of both of these allowed any significant proportion of complete blastocyst hatching (Table 4 ), indicating that the chloroform extraction procedure destroyed the factor in the normal BSA that promoted hatching.
Text- fig. 2 . SDS gradient gels stained with amido black after electrophoresis of unfractionated normal BSA (S), and the high (A) and low (B) molecular weight fractions of normal BSA from a Sephadex G-200 column. Defatted BSA and its A and fractions produced a similar pattern. (Kane, 1979 (Chen, 1966 (Peters, 1975) . This fact plus the information in the literature on the binding of low molecular weight compounds to albumin indicate that commercial BSA is an heterogeneous and ill-defined product. Variation in these contaminants may explain the variation in the ability of different samples of normal, i.e. non-defatted, BSA to cause complete blastocyst hatching (unpublished observations).
Hatching of rabbit blastocysts does not take place in vivo and the fact that it does take place in vitro has been suggested as being due to the almost complete absence of the mucin coat on the 1-cell embryos used in this type of study (Kane, 1975) . In vivo the zona and mucin coat are thinned by the enormous expansion of the blastocyst. Knowledge of the hatching-promoting factor in normal BSA should provide some indication as to whether hatching in vitro is promoted by weakening of the zona or by a general growth-promoting effect on the blastocyst or by a combination of both processes.
